and (b) are snapshots of the HOMO state of a cubic (Cub-100%) and hexagonal phase (Hex-100%-a) containing completely formed vacancy layers and a large amount of compositional Ge/Sb disorder. The IPR values (∼ 1.3 · 10 −3 ) of state (a) and (b) are shown in Fig. 3b. Isosurfaces render a value of 0.002 a.u. Fig. S11. IPR of a 1008 atoms model of the fully disordered cubic phase (Cub-25%) containing 2 excess Sb vacancies.
In the following supplementary sections, we a) provide some details about the structure of the relaxed 1008 atoms models of the cubic and hexagonal phase ( Figure  S1 ), compare their calculated x-ray diffraction spectra with the experimental ones ( Figure S2 ) and present their total density of states ( Figure S3 ), b) present some additional theoretical results about the local density of states (LDOS) of Ge, Sb and Te sites in the cubic and hexagonal phases ( Figures S4-S6 ), c) discuss how we selected the isovalue used to plot the localized state in Figure 3a of the paper ( Figure S7 ) and investigate the correlation between vacancy clusters and localization of electronic states near the Fermi Energy E F in the disordered phases ( Figure  S8 and S9), e) visualize the HOMO state of the model of the hexagonal structure proposed in Ref. 1 (denoted Hex-100%-a in our paper) and of the model with cubic stacking wherein vacancy layers have formed and only compositional disorder is present (denoted Cub-100% in the paper) ( Figure S10 ) and f) discuss the effect of excess vacancies on the electronic properties of both phases at E F ( Figure S11 ).
STRUCTURE, X-RAY DIFFRACTION DATA AND ELECTRONIC STRUCTURE OF THE 1008 ATOMS MODELS OF THE CUBIC AND HEXAGONAL PHASE
The experimental lattice constant of 6.03Å was employed for all the 1008 atoms models with a cubic stacking sequence, corresponding to an orthorombic supercell with cell parameters a = 29.541Å, b = 25.583Å and c = 41.777Å. For the hexagonal models, we used the lattice parameters a hex =4.272Å and c = 41.686Å (c is along the z axis). The parameters of the corresponding orthorombic (4 √ 3 × 6 × 1) supercell are a = 29.598 A, b = 25.633Å and c = 41.686Å. The energies of the models shown in Figure 2 of the paper were obtained by keeping the cell parameters fixed. Relaxation of the cell parameters does not lead to any qualitative change in the energy trends: energy differences between different models change by max. 2-3 meV per atom. In Figure  S1 we show the complete supercell of the 4 models, also displayed in the insets of Figure 2 (where 1/3 of the su-percell is shown).
The supercells of the 1008 atoms models contain 24 atomic layers along the z direction (which corresponds to the [111] direction of the cubic phase and the [0001] direction of the hexagonal phase respectively). Upon complete formation of the vacancy layers, the number of atomic layers decreases to 21 and each layer in the supercell contains 48 atoms. After relaxing the structures, the distance between the Te layers at the two sides of a vacancy plane decreases significantly; however, since these Te layers are still weakly coupled in the relaxed models, here and in the paper we refer to the space between these Te layers as vacancy layers. Fig. S1 (a) shows the most disordered model Cub-25%: it has 12 Te layers and 12 Ge/Sb layers. Ge/Sb layers contain 12 vacancy sites on average. A random number generator (RNG) was used to generate the distribution of Ge, Sb and vacancies. By moving Ge and Sb atoms from every fourth Ge/Sb layer to vacant sites in the other Ge/SB layers, the number of vacancies in each fourth layer is increased. For instance, the structure Cub -50% shown in Fig. S1 (b) contains 24 vacancy sites in each fourth Ge/Sb layer. When the concentration of vacancies in each fourth Ge/Sb layer exceeds a critical value, which we estimated to be close to 75%, a lower energy configuration is obtained by shifting two blocks of layers (containing 7 atomic layers each) in the [1,-1,0] direction by (3)/3 a hex and 2 (3)/3 a hex respectively (model Hex -75% shown in Fig. S1 (c)) [1] . By moving the remaining Ge/Sb atoms from every fourth Ge/Sb layer to the remaining vacant sites in the other Ge/Sb layers, plane of vacancies are formed (Hex -100%a-d). In Hex -100%-a, there is still compositional disorder in the Ge/Sb layers. By gradually swapping Ge and Sb atoms (Hex -100%b-c), single species layers are eventually obtained (model Hex -100%-d plotted in Fig. S1 (d) ).
In Fig. S2 , we plot the calculated x-ray spectra for the 4 models shown in Fig. S1 . The continuous ordering of vacancies on specific planes is visualized in the atomic structures shown in the figure from left to right. The vacancy concentration on a specific layer (red line) increases from 25% to 100%. As already mentioned, this ordering does not directly affect the stacking sequence of the atomic layers with abcabc in the cubic and abcbcacab in the hexagonal phase. However, at some critical concentration of vacancies in the vacancy layers, it becomes energetically favorable to change the stacking sequence. The plots in the figure show that models having the same stacking sequence but different distribution of Ge, Sb and vacancies yield very similar x-ray spectra. The change in the diffraction patterns (both experimental and calculated) is triggered by the change of the stacking sequence. On the other hand, the MIT is solely related to the ordering of vacancies on specific planes. Therefore, these two transitions are based on different mechanisms and can occur at different annealing temperatures. The experimental diffraction patterns were recorded using Cu K-α x-rays in grazing incidence geometry on films of 750 nm thickness. The films were heated to 450 K and 725 K with a heating rate of 5 K/min. For better comparison with calculated diffraction patterns, they were divided by the Lorentz-Polarisation factor.
In Fig. S3 , we plot the total density of states (DOS) of the 4 models shown in Fig. S1 . The DOS of the two disordered cubic phases present a pseudo-gap, whereas the hexagonal phases exhibit a small energy gap. Fig. S4 shows the averaged LDOS on Te sites of the Ge 144 Sb 288 Te 576 model of the fully disordered cubic phase (denoted Cub -25% in Fig. 2 of the paper), before and after relaxation. These calculations were performed using the CP2K package [2, 3] and GGA functionals [4] . As in Fig. 1 of the paper, atoms are grouped according to their number of nearest neighbor vacancies, n Vac ; however, in Fig. S4 only the averaged LDOS are shown. The LDOS of the perfect and relaxed model show similar trends: in particular, the occupied peak of the LDOS below E F builds up in height and gets closer to E F for large n Vac . The most important effect of relaxation is to open a pseudo gap in the LDOS just above the Fermi energy. Fig. S5 displays the LDOS on Ge and Sb sites of the unrelaxed Ge 125 Sb 250 Te 500 cubic supercell discussed in the paper, calculated using KKRnano [5] within the LSDA approximation [6] . Ge and Sb atoms were grouped according to the number of vacancies on the next-nearest neighbor sites m Vac and on the fourth-nearest neighbor sites p Vac . Naively, one could expect that m Vac has a stronger impact on the LDOS. In fact, the opposite tendency is found: due to the strongly directional nature of the bonding between p states, the presence of a vacancy on the site behind the nearest-neighbor Te site affects the LDOS at E F more significantly. On Ge and Sb sites a large peak above E F is present for p Vac = 0, which is reduced and shifted to higher energies for larger p Vac (see Fig. S5 ). Therefore, the presence of vacancies in the vicinity of Ge, Sb and Te atoms leads to a shift of the LDOS peaks (around E F ) to higher energies, an effect which can be attributed to reduced hybridization. This shift affects the occupied peak on Te sites corresponding to bonding states (see Fig. S4 and Fig. 1 in the paper), while on Ge and Sb sites the unoccupied anti-bonding states are shifted. However, the effect on the LDOS of Ge and Sb is one order of magnitude smaller as compared to the LDOS of Te sites (compare the scale of Fig. 1 and  Fig. S5 ). Fig. S6 shows the LDOS on Te sites for the disordered 1008 atoms model of hexagonal GST denoted Hex -75% in the paper. As occurs for the disordered cubic mod-els, the LDOS of undercoordinated Te is high near E F . Notice that this model has a localized state at E F (see Figure 2b in the paper).
LOCAL DENSITY OF STATES

LOCALIZATION IN THE DISORDERED PHASES
In the following, we show how the isovalue of the density of the localized state displayed in Fig. 3a of the paper was determined. For the disordered cubic and hexagonal phases containing relatively large concentrations of randomly distributed vacancies, the electronic states at the Fermi energy are localized in a finite region of space, and the electron wave functions decay exponentially outside this region. Fig. S7 shows plots of the density of the localized state of Fig. 3a calculated for several y-z planes corresponding to a constant x: these plots show that the isovalue used in the paper (0.012 a.u.) corresponds to the boundary region where the exponential decay occurs.
As discussed in the paper, the regions where the states near the Fermi energy are localized in the disordered phases contain vacancy clusters. In Fig. S8 , we plot the isosurface of the state shown also in Fig. 3a , together with the distribution of vacancy voids: for this state, the vacancy concentration in the region within its localization radius is roughly 200% larger than the average value.
We want to stress that we considered several models of the fully disordered cubic phase, generated using a RNG: all of these models yielded HOMO states having IPR values of at least 0.015. The model discussed above and in the paper (also generated using a RNG) contains a large fluctuation in the vacancy distribution corresponding to a small vacancy cluster surrounded by a region with a low concentration of vacancies, which yields a strongly localized state (IPR = 0.044).
To further study the correlation between localized electrons and vacancy clusters, we studied two additional models wherein, starting from a randomly generated structure, some atoms were moved so as to obtain a large vacancy cluster (made of about 30 vacancies) and a smaller one (made of 15 vacancies) respectively: in both clusters, the vacancy concentration is about 200% larger than the average vacancy concentration. We relaxed these models and calculated the electronic properties of the relaxed systems near the Fermi energy: we found that the HOMO states are mostly localized in these vacancy clusters (see Fig. S9 ). As expected, the larger the vacancy cluster, the larger the localization radius of the corresponding state.
A similar correlation between vacancy clusters and localized HOMO states was observed in other disordered cubic and hexagonal models containing a large concentration of randomly arranged vacancies (such as Cub -50% and Hex -75%). 
HOMO STATE OF CUBIC AND HEXAGONAL MODELS CONTAINING PERFECT VACANCY LAYERS
To assess the effect of compositional disorder and of the structural cubic-hexagonal transition on the localization properties of the electronic states, in Fig. S10 we plot the HOMO state of a) the hexagonal structure proposed in Ref. 1 (Hex-100%-a in Fig. 2 of the paper) and b) the model having a cubic stacking sequence wherein vacancy layers have formed and only compositional disorder is present (Cub-100% in Fig. 2) . The HOMO state of both models is clearly delocalized, thus indicating that neither the stacking sequence nor compositional disorder appear to be relevant to the observed MIT.
EXCESS VACANCIES
The opening of a bandgap in h-GST discussed in the paper could appear to be in contrast to the observed metallic behavior of GST annealed at high temperature [7] . As mentioned in the manuscript, it is however well known that non-stoichiometric vacancies are invariably present in both phases of crystalline GST and turn it into a p-type degenerate semiconductor [8] . In Ref. 9 it was shown that, in Ge 2 Sb 2 Te 5 , an Sb vacancy is energetically more favorable than a Ge vacancy or a Te vacancy (the latter has the highest formation energy among the three defects). Similar results are expected to hold for Ge 1 Sb 2 Te 4 . Assuming Sb vacancies are responsible for the p-type behavior, from the experimental values of the carrier density (typically in the range of 1 − 2 · 10 20 cm −3 [7] ), one obtains a concentration of excess vacancies of the order of 0.1-0.2%. This amounts to 1-2 additional vacancies in our models. These excess vacancies do not change the picture of the MIT described in the paper. In particular, in the disordered cubic and hexagonal phase the Fermi level still lies in the region of localized states (see Figure S11 , where the IPRs near E F for a cubic model containing 2 excess Sb vacancies is shown). As regards the models of h-GST containing fully formed vacancy planes, the excess vacancies cannot lead to the formation of vacancy clusters of significant size (hence localized states), for such clusters, besides being extremely unlikely, would readily dissolve at high annealing temperatures. Fig. 3a , together with the distribution of vacancy voids (indicated by red balls). Isosurfaces render a value of 0.012 a.u. The region where most of the electron density is localized is encircled by a yellow curve. Fig. S9. (a) and (b) are snapshots of the HOMO state of the two models of cubic GST containing a vacancy cluster described in the text. Isosurfaces render a value of 0.012 a.u. Vacancy voids are marked with red balls. In both plots, the region where most of the electron density is localized is encircled by a yellow curve.
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